La yer made of base plastic comprising barrier plastic nodules 



The present invention relates to a layer made of base plastic comprising 
bander plastic nodules and to multilayer structures comprising at least one such 
layer. It relates more particularly to the recycling and the reuse of the 
constituents of multilayer hollow bodies comprising at least one barrier plastic 
layer and one base plastic layer. 

Such multilayer structures are commonly used in highly varied industries^ 
for example in the manufiicture of packaging materials or of feel tanks. An 
example of a multilayer fiiel tank cotnprises 5 layers: 

PE/adhesive/EVOH/adhesive/PE, where PE denotes high density polyefliylene 
and EVOH denotes an efhylene-vinyl alcohol copolymer, it being possible fer 
the adhesive to be in particular a polyethylene grafted wifli maleic anhydride 
(PE-g-MA). 

During the manufecture of plastic-based articles, in particular by extrusion- 
blow moulding, a high amount (often more than 40 %) of production waste 
(scraps) is inevitably produced, the recovery of which is advantageous 
economically. It is a fortiori the same in the case of the scrapping of whole 
articles which have &iled specification or of waste whole articles. In the case of 
multilayer structures, the presence of several different plastics poses problems 
during their recycling: if the situation is limited to grinding them into particles 
and to reusing them in the manufecture of a new article, there is a risk of the 
latter exhibiting mediocre mechanical performances; consequently, it is 
sometimes necessary, depending upon the geometry of the tank, to strictly limit 
the amounts of material thus recycled. It is therefore desirable to have available 
a simple and effective method which makes it possible to separate constituents of 
multilayer stmctures for the purpose of being able to reuse them in a manner 
comparable to virgin constituents without affecting the performances of the new 
articles manufectured from the constituents tiius recovered. 

Thus, Patent Application FR 2 765 828 on behalf of the Applicant 
Company provides a process for the recycling of fuel tanks comprising at least 
one layer of a base plastic and one layer of a bairier plastic separated by a layer 
of adhesive plastic, in which the said tanks are reduced to fragments and these 
fiagments are subjected to an electrostatic separation under given conditions- 
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However, to date, the level of reuse of these recycled plastics, and of 
recycled plastics in general, is limited as iJiey are in feet only used in the 
intermediate layer of articles, in particular for reasons of mechanical strength of 
the inner layer and, as regards the outer layer, for aesthetic reasons and in order 
5 to be able to ensure that certain fittings are welded in a dependable way to the 
tank. Such a use of recycled plastics in an intermediate layer is, for example, 
recommended in Patent Application FR 2 765 828, also on behalf of the 
Applicant Company, 

In point of feet, being able to increase the level of use of waste (as a result 
10 of being able to use it both in the intermediate layers and in the external layers) 
often makes it possible to achieve substantial saving, in particular in the case of 
large-scale production and/or production involving expensive materials. 

The present invention is based on the surprising observation that, provided 
that the barrier plastic is distributed in the base plastic in the form of small 
15 nodules (with a diameter of less than or equal to one micron), the use of 

fragments of multilayer structures in monolayer articles or in the external (inner 
and/or outer) layers of a multilayer structure does not affect its properties. 

Consequently, the present invention relates to a layer made of base plastic 
comprising, in the dispersed form, nodules with a diameter of less than or equal 
20 to one micron coinprising battier plastic incompatible with the base plastic. 

The term '"plastic" is understood to denote any polymer or blend of 
polymers. Thermoplastics are highly suitable in the context of the invention. 
The term '^thermoplastic" denotes any thermoplastic polymer, including 
thermoplastic elastomers, and their blends. The term "polymer" denotes both 
25 homopolymers and copolymers (binary or tertiary in particular). Examples of 
such copolymers are, without implied limitation: copolymers with a random 
distribution, sequential copolymeis, block copolymers and grafted copolymers. 

Any type of thermoplastic polymer or copolymer with a melting point 
lower than the decomposition temperature is suitable. Synthetic tiiermoplastics 
30 which exhibit a melting range spread over at least 10 degrees Celsius are 
particularly highly suitable. Those which exhibit a polydispersion in their 
molecular mass are exaxnples of such thermoplastics. 

In particular, use may be made of polyolefins, poly(vinyl halide)s, 
thermoplastic polyesters, polyketones, polyamides and their copolymers. A 
35 blend of polymers or copolymers can also be used, as well as a blend of 

polymers with inorganic, organic and/or natural fiUeis, such as, for example, but 



without implied limitation: carbon, salts and other inorganic derivatives, natural 
jSbres, 0bss fibres and polymer fibres. Good results have also been obtained 
with nanocomposites (or polymers with fillers of nanometric size). 

To this end, it should be noted that the terms **made of plastic" used above 
are understood to mean coinposed to more than 80 % of the tofed weight of the 
said plastic and in particular to more than 90 %. 

The base plastic is chosen according to the mechanical and/or chemical 
properties which the stracture has to exhibit. To this end, use is genemlly made 
of conventional polymers, such as polyolefins or halogenated polymers. Good 
results have been obtained when the base plastic is essentially composed of one 
or more polyolefins chosen firom ethylene or propylene homopolymers and 
copolymers. 

Excellent results have been obtained with high density iKjlyethylene 
(HDPE), this being in particular the case when the hollow body is a fuel tank. 

The term 'l^airier plastic" (constituting in aU or in part the dispersed 
nodules^ it being understood that the barrier plastic can be a blend of barrier 
plastics and/or can comprise conventional additives, such as pigments, 
plasticizers, antioxidants, and the like) is understood to denote any plastic 
incompatible with the base plastic and capable of forming a layer exhibiting a 
low pemieability with regard to specific fluids, such as, for example, 
hydrocarbon-based fuels. Advantageous crystalline polymers exhibiting such 
properties are in particular polyamides, fluoropolymers and vinyl alcohol 
polymers [homopolymers (PVOH) and ethylene-vinyl alcohol copolymers 
(EVOH)]. Very good results are obtained when the barrier plastic is essentially 
composed of one or more polymers chosen firom polyamides and ethylene-vinyl 
alcohol copolymers and very particularly of the latter. 

An important parameter in the context of the present invention is the 
morphology of the nodules comprising the barrier plastic. According to the 
inventioxa, these nodules or agglomerates, of substantially spherical shape, have a 
diameter (to be understood as meaning the mean diameter, redded as being the 
mean of the greatest dimension of the substantially spherical agg^om^ates) of 
less than or equal to 1 micron, preferably of less than or equal to 0.8 |xm, indeed 
even of less than or equal to 0.5 |xm. However, it should be noted that the 
diameter of these nodules is generally greater than or equal to 0-1 jiim, indeed 
even greater than or equal to 0,2 \xrtx 

The layer made of base plastic comprising nodules in accordance with the 
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invetvlion can be a monolayer article, such as a filnx, a sheet, a hoUow body 
(container) and the like. However, advantageously, it is a layer within a 
multilayer structure. The term **multilayer structure" according to this 
alternative form of the invention is understood to meau any article having at least 

5 two layers, including one essentially composed of base plastic with nodules of 
barrier plastic. Preferably, this article is a hollow body intended to contain a 
powder, granules^ and the like, and preferably a fluid. In this case, generally, the 
multilayer structure also comprises a layer essentially composed of aplastic 
which is a barrier to the migmtion of the fluid which it contains and/or of certain 

10 gases (air, water vapour). Good results are obtained when the base plastic layer 
which comprises nodules is an external layer (either the inner layer of the hollow 
body, in contact with the fluid, or the outer layer, in contact with the outside 
world), referred to hereinafter as **layer B". In a very particularly prefimred way, 
the layer B is the inner layer of the hollow body. 

15 The content of barrier plastic in this layer B is generally less than 5 % by 

wei^t. In practice, this content is generally less than 1 %, indeed even less than 
0.5 %. 

The multilayer hollow body in accordance with this alternative form of the 
invention can be used in many different applications, in particular for the 
20 purpose of transportmg or containing various types of fluid, in the form of a pipe 
''^ or container, such as a bottle or tank. It can be used in particular^ in the field of 
motor vehicles, in particular in the form of a fuel tank or of a filler neck for a 
foel tank. Excellent results have been obtained in the case of a fuel tank. 

The result of the above is that, when the multilayer structure according to 
25 this alternative form of the invention is a fuel tank, it preferably comprises at 
least one layer essentially composed of EVOH (ethylene-vinyl alcohol 
copolymer) and one layer essentially composed of HDPE Qngk density 
polyethylene) comprising EVOH nodules with a diameter of less than or equal to 

1 IXWL 

30 The barrier plastic used in some alternative forms of the invention often 

exhibits poor adhesion with regard to the conventional polymers of which the 
base plastic layer is generally essentially composed, which often compels that 
recourse be had to an adhesive plastic layer between the barrier layer and the 
base layer of the structure according to the invention. 

35 The adhesive plastic according to this alternative form of the invention is 

chosen according to the nature of the barrier plastic and of the base plastic. Use 



is ftequently made, as adhesive plastic, of a compatibilizedpolyolefin and in 
particular of compatibilized polyethylena The compatibilization can be obtained 
in particular by a grafting, in particular using a carboxylic acid anhydride, for 
example maleic anhydride. The adhesive plastic is preferably essentially 
composed of a polyolefin grafted with maleic atihydride, in particular of 
polyethylene grafted with maleic anhydride. 

The adhesive layer is generally thin with respect to the combiaed structure 
and in particular it does not exceed a few % of the general thickness of the 
structure. 

In the structure according to this alternative form of the invention, the 
barrier layer can either be one of the two external layers (situated on eitiier side 
of the stmctuie) or can be an intermediate layer included between the two 
external layers. The latter alternative form is advantageous, the barrier plastic 
often being weaker than the base plastic. When the barrier plastic layer is 
sandwiched between two base plastic layers, there are generally two layers of 
adhesive (one on each side of the barrier layer), each having a thickness of the 
order of 1 to 2 %, indeed even 3 %, of the stmcture. 

According to another alternative form of the invention, instead of resorting 
to a separate layer of adhesive plastic, the latter is simply blended with the base 
plastic, as disclosed in Patent Application FR 2 776 228. 

Whatever the alternative from chosen (adhesrsfe in a separate layer or 
blended in the base plastic), the overall content of adhesive in the structure (all 
layers taken into account) generally does not exceed 10 %, preferably 8 %, 
indeed even 5 %, by weight of the overall structure. 

From an economic viewpoint, it is advantageous for the base plastic layer 
or layers comprising barrier plastic in the dispersed form to comprise production 
scraps with similar structures (that is to say, having a barrier plastic layer and a 
base plastic layer comprising or not comprising dispersed barrier plastic) or 
fiagments of waste similar structures optionally subjected to a pretreatment (in 
particular for the purpose of purifying them). 

According to an advantageous alternative form, in addition to the 
abovementioned layer B, the structure according to the invention comprises at 
least one second base plastic layer comprising barrier plastic dispersed in the 
form of nodules with a diameter of less than or eqtial to one micron and this 
second layer is an intermediate layer (inserted between 2 layers) of the hollow 
body (layer C). Its content of barrier plastic is also less than 15 % by weight, 
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preferably less than or equal to 8 % by weight and in a very particularly 
preferred way less than or equal to 5 % by weight. However, this content will 
advantageously be greater than the content of barrier plastic in the inner layer 
and, in a particularly preferred way, greater than or equal to 1 % by weight, 
5 indeed even greater than or equal to 2 % by weight 

This alternative form of the invention is advantageous as it offers the 
possibility of using a greater amount of recycled plastic (production scraps or 
waste former structures)- Por certain applications, a good compromise 
(economic advantage/mechanical properties) is obtained when the content of 

10 barrier plastic in this intermediate layer is ftom 1 to 8 % by weight. This is 

because, above 8 % by weight of barrier plastic, the mechanical properties (and 
in particular the cold impact strength) of the multilayer structures become 
inadequate for certain applications. 

There is a certain economic advantage to the feet of being able to use not 

15 only recycled plastic in an intermediate layer, in relatively high amounts, but also 
in the external layers in lower amomits (in order not to place an excessive strain 
on flie aesthetic and/or mechanical properties of the structure). Consequentiy, 
according to a particularly advantageous alternative form, the present invention 
relates to a multilayer structure having at least two base plastic layers (one 

20 external (B) and one intermediate (C)) with dispersed barrier plastic, the content 
of barrier plastic in the lay^ B being lessHhan 1 % by weight and the content of 
barrier plastic in the layer C being jBcom 1 to 8 %by wei^t 

The layer and/or the multilayer structure according to the invention can be 
prepared in any known way, generally by extrusion, injection moulding, slush 

25 moulding, thermofotming, and the like. In particular, this layer can be prepared 
by extrusion. For the multilayer hollow bodies comprising at least one layer as 
described above, moulding processes are highly suitable and in particular the 
process referred to as extrusion-blow moulding. 

Consequently, the present invention also relates to a process for the 

30 manufecture of a hollow body as described above, the said process comprising at 
least one stage of extrusion-blow moulding of a multilayer parison comprising at 
least one layer of a base plastic comprising barrier plastic dispersed in the form 
of nodules with a diameter of less than or equal to one micron. Preferably, this 
laya: is an external layer of the parison and, in a very particidarly preferred way, 

35 the parison also comprises a barrier plastic layer. The layers of the 

abovementioned parison can have any relative thickness. However, in particular 
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for economic inqjeratives, Uie barrier plastic layer is generally limited to a few % 
only (typically between 1 and 5 indeed even between 2 and 4 %, by wei^t of 
the structure), the remainder of the structure being generally essentially 
composed of base plastic (the optioml adhesives also being used in the 
5 proportion of a few % only). 

In this process, the dispersing of the barrier plastic in the base plastic can 
be carried out during the processing by extrusion-blow moulding. However, this 
dispersing is sometimes difficult to cany out by varying the processing 
parameteis alone, even using compatibilizing agents (for example of similar 

10 nature to the abovementioned adhesives) and/or appropriate mixing devices 
(mixer nozzles, static mixers). In contrast, the Applicant Company has found 
that, surprisingly, when the said layer comprises ftagments of a similar 
multilayer structure which have beai subjected beforehand to an electrostatic 
separation treatment, this dispersing was carried out without difficulty, this being 

15 the case even in the absence of the abovementioned compatibilizing agents 
and/or abovementioned mixing devices. 

Consequently, an advantageous alternative form of this aspect of the 
invention consists of a manufacturing process as described above but 
incorporating a process for recycling at least a portion of a multilayer hollow 

20 body comprising at least one barrier plastic layer and one base plastic layer and 
comprising the following stages : 

— the said portion of the hollow body is fragmented; 

— the fiagments obtained are subjected to at least one electrostatic separation 
stage, so as to obtain at least one stream (A) of fragments poor in barrier 

25 plastic and one stream (B) of fragments richer in barrier plastic; 

— a multilayer parison, comprising an external layer comprising fragments 
resulting from the stream (A), is manufactured by extrusion; 

— the said parison is blow moxilded. 

Ill the process described above, it is advantageous for the stream (A) to 
30 have a content of barrier plastic of less than 1 % by weight and for the stream (B) 
to have a content of barrier plastic of greater than or equal to 1 % by weight. 

The fragments resulting from the stream (A) can be used as is, as external 
layer, or can be blended with optional additives, reinforcements, and the like, 
and/or with virgin base plastic (not yet used). The latter alternative form 
35 (diluting with vfrgin plastic) is preferred. In practice, a degree of dilution of 

greater than or equal to 20 %, and even of greater than or equal to 30 %, but less 
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than or equal to 80 %, indeed even less than or equal to 60 %, highly suitable 
[the term "degree of dilution" is understood to mean the % by wei^t of 
ftagments with respect to the (ftagments + virgm resin) blend]. 

In the above, the terms *1)ased on" are at least equivalent to the term "made 
5 of defined above. Piefembly, they mean "coinposed only of. 

In the process described above, it is, of course, advantageous also to be 
able to use the stream (B) richer in barrier plastic. In this case, advantageously, 
the stream (B) is used in an intermediate layer of the parison. It can be used as is 
or diluted with virgin plastic. Generally, it is possible to use material resulting 

10 from this stream as is, provided that its content of barrier plastic is not 

excessively high. In the case in particular of multilayer &el tanks, it has been 
found that a content of less than or equal to 8 % by weight gives good results. 
Consequently, according to an advantageous alternative ftom, in the process 
described above, the stream (B) has a content of barrier plastic of less than or 

15 equal to 8 % by weight and the parison comprises an mtermediate layer based on 
fragments resulting from this stream (B). 

The fragmentation can be carried out in any known way, at ambient 
temperature or under hot conditions. It can, for example, be carried out between 
the crystallization temperature of the barrier plastic (Tc, in °C) and Tc - 20*^0, as 

20 disclosed in the abovementioned Patent Application ER 2 765 828. In the case 
of recycling of production scraps, it is advantageous to fragment them in line 
when they are still bot 

On conclusion of the fragmentation, fl:agments having their greatest 
dimension of greater than or equal to 1 mm, preferably of greater than or equal to 

25 2 mm, indeed even of greater than or equal to 5 mm, are preferably present. 

Generally, this dimension is less than or equal to 15 mm, preferably less than or 
equal to 12 mm, indeed even less than or equal to 8 mm. 

The electrostatic separation can also be carried out in any known way, 
devices being available commercially for this purpose. It is preferably carried 

30 out using equipment in which the fragments are first charged and subsequentiy 
separated into streams of di:%rent composition by passing through an 
electrostatic field and collecting by means of an appropriate device. The latter 
advantageously cottprises at least two separate containers (or separate 
compartments in the same container), so as to be able to separately collect the 

35 abovementioned streams (A) and (B). It may sometimes prove to be 

advantageous to collect at least three separate streams, each having a different 
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content of barrier plastic. According to this alternative form. Hie stream poorest 
in barrier plastic corresponds to the stream (A), the stream with an average 
content to the stream (B) and the stream having the highest content (typically 
greater than or equal to 10 %, indeed even greater than or equal to 20 %, by 
5 weight) to a stream (C). 

Taking into account the content of plastic generally used in multilayer 
structures (and in particular in fuel tanks), the content of barrier plastic in this 
stream (C) will generally be less than or equal to 50 %, preferably less than or 
equal to 40 %, indeed even less than or equal to 30 %. 

10 This stream (C) will preferably not be reused as is in a new multilayer 

structure, its conq)Osition generally not making it possible to obtain good 
mechanical properties. Tins stream will generally be discarded or, 
advantageously, taldng into account the cost of barrier plastics in general, will be 
subjected to one or more appropriate treatments which make it possible to enrich 

15 it in barrier plastic and, doing this, to recycle it in the barrier layer of a multilayer 
structure (similar to or different firom the original structure). 

Thus, according to an alternative form of the process, during the 
electrostatic separation, at least one third stream (C) is generated, the content of 
barrier plastic of which is greater than or equal to 10 %, and this stream (C) is 

20 subjected to a subsequent treatment stage which makes it possible to enrich it in 
barrier plastic. Such a treatment stage can consist of a selective dissolutiotr^of 
the barrier plastic and a reprecipitation of the latter, as disclosed in Patent 
Application PR 03/03209. 

The process described above is particularly well suited to being 

25 incorporated in the industrial manufecture of fuel tanks as are described in detail 
in the first part of this application and in particular of fuel tanks based on HDPE 
and on EVOH. Good results have been obtained during the manufacture of the 
following structures (comprising, j&om the inside outwards, the layers based on 
the following materials): P+R1/A/B/A/R2/P, where : 

30 - P = HDPE, 

- A = adhesive based on PE-g-MA (HDPE grafted with maleic anhydride), 

- B = EVOHbarrier, 

- Rl and R2 = fiagments with similar structures treated by electrostatic 
separation corresponding respectively to the abovementioned definitions of 

35 the streams (A) and (B) and having respectively an EVOH content of less than 
1 % by weight and firom 1 to 8 %by weight 
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in feet, similar tanks, of P/A/B/A/R/P type (with R = ftagments with 
similar structures which have not been subjected to an electrostatic treatment) 
have been sold for about 10 years, both in Norfli America and in Europe, to meet 
increasingly demanding evapomtive standards. The relative thicknesses of the 
various layers in these tanks are typically (as % by weight of the structure): 
40/2/3/2/40/13. 

Such waste tanks or their production scr^s advantageously act as base for 
the manufecture of new tanks according to the present invention. Thus, over 
time^, some manufacturing operations (for example, during (re)start-up) will be 
carried out without use of production scraps, whereas olhers wiU use it to a 
greater or lesser extent, depending on the quality of the preceding production 
operations. Some production operations can also be carried out based on plastics 
resulting from waste tanks. In this case, Uiese plastics wiU preferably have been 
subjected to a purification (in particular purification from residual fuel) and/or 
regeneration treatment (it being understood that the waste plastics, and in 
particular the HOPE, may have deteriorated as a result of the ageing thereof). It 
may in particular prove to be advantageous to blend a regenerating agent (such 
as a polyfunctional epoxide) with fee waste base plastic (in particular when it is 
HOPE) before processing it by extrusion-blow moulding. Such a regeneration 
process is disclosed in Application WO 03/024692, 

One advantage of the process according to the inventionil^ that, by virtue 
of the good dispersion of the barrier plastic, the thickness of the intermediate 
layer of regrind can range iq) to 50 % of the total thickness of the structure, 
whereas, in the fuel tanks according to the prior art, where regrind was recycled 
as is, without electrostatic separatiott, this thickness was generally limited to 
40 % of the total thickness of the structure, in order not to place an excessive 
strain on its properties. Specifically, the Applicant Company has found that, in 
the layers of regrind not subjected to an electrostatic separation, the barrier 
plastic nodules generally had a diameter of greater than or equal to 1 jiim, indeed 
even of greater than or equal to 2 (xm, in contrast to the stmctures of the present 
invention, where the nodules are less than 1 fxm. 

In addition, the fact of including regrind in the inner layer of the tank, this 
being done in a proportion of a maximum of 80 % (with respect to fixe total 
weight of the layer), makes it possible to bring the maximum overall level of 
reuse of recycled plastics to 75 % without harming the properties of the structure, 
this still being the case by virtue of the quality of the dispersing of the barrier 
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plastic in the base plastic. 

The present invention is illustrated without implied limitation by the 
following example : 
Example 

Five successive generations (0, 1, 2, 3 and 4) of fuel tanks of type 
P+R1/A/B/A/R2/P were manufactured with : 

- P+Rl = inner layer based on virgin BDDPE (grade Eltex® RSB714) for 
generation 0 (where R1=0) and comprising 46,2 % by weight of a stream Rl 
(defined hereinbelow) diluted in 53.8 % of virgin HDPE for the following 
generations, this layer constituting 42 % of the total structure, 

- A = layers of adhesive based on PE-g-MA (Admer L2100) and each 
constituting 2 % by weight of the structure, 

- B ^ EVOH layer (Eval FlOl) constituting 2,75 % by weight of the structure, 

- R2 == layer based on a stream R2 (defined hereinbelow) and constituting 40 % 
by weight of the structure, 

- P = outer layer based on virgin HDPE constituting the remainder of the 
structure, 

in the following way ; 

L Extrusion-blow moulding: 

- Bekum BATIOOO plant comprising 6 extruders (one per layer), the total 
throughput of which is 330 kg/h andflhe geometric characteristics of which 
are as follows: 

— 1 . Imier layers and regrind: 100 nun, L/D 24; 

— 2. Outer layer: 50 mm, L/D = 20; 

— 3. Adhesive andbamerkyers: 38 nmi,iyD= 20, 

- moxald of NS type (9 kg, capacity 75 1) with the degating regions covered 
with a PTFE sheet with a thickness of 0,1 mm, 

- artificial increase in the degree of recycling to 60 % by weight from one 
genaation to another, 

- duration of the manufacturing cycles: 156 s of machine time (including 
88 s in the mould) and 150 s from the outlet of the blow moulding device 
to the grinding (stages of degating, weighing and conveying the scr^s to 
the grinder), 

2. Fragmentation: Herbold grinder of SMS 60180 type, 8 mm screen, 

3. Electrostatic separation: EKS-L Iriboelectric separator sold by Hamos; this 
device separated the fragments generated in the preceding stage into 
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3 streaxns, the axialysis of which, after separation of the dust and fines, gave 
Hie following result: 

- a stream Rl rich in HOPE comprising 0.24 % of EVOH and constituting 
30 % of the total stream, 

5 - a stream R2 comprising 1.17 % of EVOH and constituting 60 % of the 
total stream, 

- a stream R3 comprising the remainder of the EVOH (i.e. spproximately 
20 %) and constituting 10 % of the total stream, 

■— 4. New extrusion-blow moulding in accordance with stage 1 described 
10 above, where the streams Rl and R2 generated in the preceding 

stage are reused but not the stream R3, which was discarded, 
- 5, New fi:agmentation, and the like. 

Several tanks of each generation were analysed, both from the viewpoint of 
their bursting strength and of thdr cold impact strength, and no significant 
15 difference could be observed firom one generation to another. 



